Room-temperature time-differential perturbed-angular-correlation (TDPAC) spectra of 140 
Introduction
Understanding of the behavior of He atoms in metals, especially in Fe, is one of important research subjects in materials science related to nuclear fusion reactor materials. Recently, Hao and Geng predicted from their first-principles density functional theory calculations that in bcc Fe, Ce has a stronger attraction to He (−1.31 eV/atom pair) than He does to another He (−1.18 eV/atom pair) and as a result a local structure is formed by a tetrahedron Ce cage encapsulating a He atom, suggesting that Ce, La with an electronic structure similar to Ce, and possibly some other rare earth elements could pin down mobile He atoms and thereby impede the He bubble growth supposedly produced in steel making up a fusion reactor [1] .
This time, we have taken room-temperature TDPAC (time-differential perturbed-angularcorrelation) spectra of 140 Ce in He-doped Fe, unannealed and annealed in vacuum at various temperatures, in order to examine whether Ce (or rather, La and Ba, which are parent atoms of 140 Ce) and He form complexes in Fe, applying the result [2] that we observed a unique magnetic hyperfine interaction at the 2083-keV state of 140 Ce (a nuclear spin I = 4 and a half-life t1/2 = 3.4 ns) in Fe. The TDPAC method is a nuclear spectroscopic technique, which provides local information in matter through hyperfine interactions between radioactive probe nuclei and the surrounding polarized spins and charge distribution giving electric field gradients (EFGs) [3, 4] .
The TDPAC method has been applied to studies on defects [5] . If a local structure as suggested in [1] is formed with Ce (and the parent atoms of 140 Ce) and He in Fe, a characteristic pattern is expected to appear in the TDPAC spectra, which reflects hyperfine magnetic interactions different from (probably smaller than) the one observed in [2] and also electric quadrupole interactions. The TDPAC spectra are also compared with reported TDPAC results on 111 Cd arising from 111 In in He-doped stainless steel [6] , in which latter case a clear signal was observed of the formation of 111 Cd (or rather In)-He complexes having a definite geometrical structure. collimated and mass-analyzed [9] . Figure 2 shows that the concentration profile of He in Fe overlaps that of 140 Cs, both of which were calculated with a SRIM code [10] . The time dependences of the coincidence counts N(θ, t) of the 329-487 keV cascade γ rays for the three Fe samples were taken at room temperature with a measurement system, consisting of standard fast-slow electronic modules and four BaF2 scintillation detectors. Here, θ and t denote the angle and the time interval, respectively, between the cascade γ rays. The directional anisotropy A22G22(t), which we call the TDPAC spectrum, is obtained as follows:
Experimental procedures
The 10 mm × 10 mm irradiation plane of the Fe foil was set parallel to the detector plane. The distance between the center of the source and the head of each BaF2 detector was 3.0 cm. With 4 four detectors, slight differences in γ-ray detection efficiency among the detectors are eliminated in the operation of equation (1) [2].
The coefficient A22 depends only on the nuclear transitions and its value for 140 Ce is reported to be −0.13 [11] . The perturbation factor G22(t) for an ensemble of randomly oriented microcrystals is a function of the Larmor frequency ωL for a unique static magnetic interaction.
The quantity ωL is defined as usual: ωL = −µB/Iħ, where µ is the magnetic moment and B is the magnetic field at the nucleus. In the 180°-90° angular correlation case with no external magnetic field,
having the constant term (which we call the baseline in the text) of A22/5. Figure 3 is the one appearing in [2] . As explained there, the oscillation pattern seen in the spectrum is due to a unique static magnetic hyperfine interaction at 140 Ce occupying the Fe substitutional site with no lattice defects nearby (the Larmor frequency ωL equals 1.927 (7) Grad/s Ce at the Fe sites having vacancies nearby, or at interstitial sites, or in grain boundaries, feeling a variety of static hyperfine magnetic fields and EFGs such that the oscillations arising from these variety of fields interfere among themselves and get damped quickly in the TDPAC spectrum.
In Figure 3 are also shown the characteristic values for each oscillation component seen in the TDPAC spectra, which were obtained by fitting equation (2) (2) in the text, there should be two frequency components for one magnetic interaction, there seems to be only one frequency component for the oscillation pattern. This is due to the finite time resolution of the present detection system, 1 ns, about 10 times larger than the time bin of the time spectra. The third term of equation (2) 
Conclusions
In order to examine whether Ce and He form complexes having a definite geometrical structure 
